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Instructions: 

3 This question paper consists of 50 questions in 12 pages. 

* Answer all the questions. 
Write your Index Number in the space provided in the answer sheet. 

* Read the instructions given on the back of the answer sheet carefully. 

* In each of the questions 1 to 50, pick one of the alternatives from (1), (2), (3), (4), (5) 
which is correct or most appropriate and mark your response on the answer sheet with 
a cross (x) in accordance with the instructions given on the back of the answer sheet. 


Use of calculators is not allowed. 
(Consider that the acceleration due to gravity, g = 10m s2) 


Which of the following is not a fundamental unit? 
(1) m (2) J (3) cd (4) K (5) mol 


The dimensions of the gravitational constant G are given by 


(D LMT- (2) L?M? (3) L MT (4 LMT? (5) L3M?T? 


When a bipolar junction transistor operates in saturation mode, a further increase in base current will 
(1) turn on the transistor. (2) turn off the transistor. 

(3) increase the collector current. (4) decrease the collector current. 

(5) not change the collector current. 


According to the evidences found in Particle Physics, matter is composed of 
(1) 6 quarks. (2) 6 leptons. 

(3) 4 quarks and 4 leptons. (4) 6 quarks and 4 leptons. 

(5) 6 quarks and 6 leptons. 


The variation of the gravitational potential V(r) due to a point mass, with distance r is best represented by 


l- d P d T 


(1) 
6. Which of the following PM is incorrect M imme 

(1) There must be a measurable physical quantity that varies with temperature. 

(2) Mercury-glass thermometers consist of thin-walled glass bulbs. 

(3) By using a mercury-glass thermometer with a large mercury bulb, the range of measurements 
can be increased. 

(4) Two different types of thermometers may give slightly different readings at the same temperature 
as all thermometric properties are not equally sensitive. 

(5) Having a large contact angle between mercury and glass is an advantage for accurate readings 
in mercury-glass thermometer. 





01 - Physics (New/Old Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 2 of 63 





Consider the following statements regarding the physical properties of ultraviolet and ultrasound 
waves. 

(A) Energy of both waves depends on their frequencies. 

(B) Both waves have the ability of ionizing materials. 

(C) Both waves can be polarized. 
Which of the above statements is/are incorrect? 
(1) Only A (2) Only A and B (3) Only A and C 
(4) Only B and C (5) All A, B, and C 


An object is moving in a circular path at a constant speed U as shown in the 
figure. The change in velocity of the object, when moving from A to B is 


V U J2v Ase B 
- 45*N 459N J2 EN 
(3) (4) (5) 


(1) (2) 


A weightlifter lifts a weight vertically up (positive direction) with his hands. 
The signs of the work done by 

(a) his hands on the weight, 

(b) gravity on the weight, and 

(c) the weight on his hands, respectively, are 





10. Consider the following statements regarding a three-level LASER system Level 3 


11. 


12. 


having energies E,, Ej, and E; (E, « E, « E,) as shown in the figure. Level 2 


(A) The LASER action occurs between energy levels 2 and 1. 


-E 
(B) The frequency of pumping radiation is red. Level 1 E 
(C) Level 3 is known as the metastable energy level. 


Which of the above statements is/are correct? 
(1) Only A (2) Only B (3) Only C 
(4) Only A and C (5) Only B and C 


Consider the following statements made regarding the velocity of sound in earth atmosphere. 
(A) It does not change with altitude at constant temperature. 
(B) It always increases with decreasing pressure. 
(C) It decreases with increasing altitude as a result of decreasing temperature. 
Which of the above statements is/are correct? 
(1) Only A (2) Only B (3) Only C 
(4) Only A and C (5) All A, B, and C 


Which of the following statements regarding the X-ray production in common applications is incorrect? 
(1) Two circuits are used in the X-ray production system. 

(2) Anode could be damaged due to the bombardment of electrons. 

(3) Low voltage is sufficient to heat the cathode. 

(4) Energy of the X-rays emitted depends on the current through the filament. 

(5) X-ray tube must be evacuated to avoid the energy loss of electrons. 
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13. 


14. 


15. 


16. 


17. 


18. 


LEX m ES 
() 2) 3) (4) 


Consider the following statements regarding the dew point of air having water vapour in a closed 
container. 
(A) At dew point, unsaturated water vapour becomes saturated water vapour. 
(B) If the temperature is reduced below the dew point, some of the vapour will condense. 
(C) At dew point, if the volume of the container is reduced, the absolute humidity of the 
air will decrease. 


Which of the above statements is/are correct? 
(1) Only A (2) Only B (3) OnlyA and B 
(4) Only A and C (5) All A, B, and C 


When the tension of a wire is slowly increased from T, to T, within the proportional limit, its length 
changes from /, to /,. The energy stored in the wire during this process is 


a) (%+%)(4-4) 2) 5(%-%)(4 +4) 
3) 5(%-%)(4-4) 4) 4(t,+%)(4 +4) 
1 


AU * T)(L -1) 


Hydrogen gas in a container is maintained at standard temperature (300 K) and pressure (1 x 10? N m?). 
If the root mean square speed of hydrogen molecules is 2 km s^! , what is the density of hydrogen in the 
container? 

(1) 0-038 kgm? (2) 0-075 kgm? (3) 0:150 kgm (4) 1:225 kgm (5) 2:450 kg m^? 


(5) 


A composite rod is formed by connecting two rods A and B as shown in the figure. Longitudinal 
wave velocities in rods A and B are 3210 ms'! and 6420 ms“|, respectively. A longitudinal pulse 
applied at the free end of the rod A propagates with a wavelength of 2m. What is the wavelength 
of this wave when it propagates through rod B? 


Ce EPR EEE EER 











A B 
(1) 1m (2) 2m (3) 3m (4) 4 m (5) 5m 
The magnitude and the direction of the electric field at point A due "PH" 
to the point charge distribution shown in the figure are e 8 a 
2q q +q +3q tat 
(1) 2 > (2) 9 1 a 
4m & a An &)a 
2q 6q 6 . e 
3) ——— — 4 F à; 
e) AT £y a e AN Ep a +q A x 
a 
6q | 
5 
©) AT Ep a’ 


e € e 
+q +3q +q 
Three capacitors with equal capacitance and two batteries with equal electromotive force (emf) are 


given to construct a circuit to store energy. Which of the following circuits stores the maximum 
energy? 


(5) 
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19. When a current of 6A is flowing through the primary coil of an ideal transformer having power of 
60W, output voltage is 12V. Select the correct answer which gives the type of the transformer 
and the current ratio (Primary current : Secondary current). 

(1) Step down and 6:5 (2) Step down and 5:6 (3) Step up and 1:2 
(4) Step up and 5:6 (5) Step up and 6:5 


20. A coil is made by winding N number of turns around a plastic ring of 
mean radius R and cross sectional area A as shown in the figure. This 
coil is placed coaxially with a long straight wire carrying a current i. 
If the rate of change of current through the straight wire is ij cos ct, 
which of the following expressions gives the electromotive force (emf) 
induced in the coil? 











(1) MANi cos at (2) WAN? sin ct 
AN AN 
(3) el i, Sin wt (4) d i) COS wt 
HAN . 
COS wt 
(5) AR lo 


21. Consider the points A, B, and C on two equipotential surfaces as shown in the figure. When a proton 
moves from A to B, the electric field does a work of 3:2x 10-?J on it. Charge of an electron is 
-]-6x 107? C. The electric potential differences V,,, V, and V..,, respectively, are 


(1) 2V, -2V, and OV 


(2) 2V, -2V, and 2V LA C ue - 

(3) -2V, 2 V, and OMS amar equipotential 
surfaces 

(4) 05V, -0:5V, and 0V , . a 

(5) -0:5V, 05V, and OV N o * 


. 
go" 
S BE 
PE occupe itid e esa CRM deccm > 
on EE P MENS 
Tt eee een en ee eeeee® 


22. A celestial object is located at the mid point of the line joining the centres of the earth and the 
moon at a certain time. The mass of the moon is 0:0123 times the mass of the earth. Assume 
that the distance between the centres of the moon and the earth is 60 times the radius of the 
earth. The acceleration of the object due to the gravity of both the earth and the moon in terms 
of g is approximately, 

(D 11 x 10%g (2) 11 x 10g (3) 33x 107g (4) O Sg (5) 108 


23. The gap of 2 cm between two horizontal plates of surface area 500 cm? is filled with an oil 
having the coefficient of viscosity 0-2N sm. A horizontal force of 5N is applied to the upper 
plate while keeping the lower plate at rest. What is the velocity of the middle layer of the oil, 
if the velocities of the oil layers vary linearly across the gap between the plates? 


(1) 25ms' (2) 5ms"! (3) 10ms7! (4) 25ms"! (5) 50ms"! 


24. A diode and a resistor are connected in such a way that only two terminals are available for external 
connections. When a voltage of 1 V is applied across the external terminals, the current through the 
circuit is 50 mA. When the applied voltage is reversed, the current doubles. What are the forward 
bias resistance of the diode, and the value of the resistor? 


Resistance (©) 
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25. An air mass in a cyclone moves around its eye in a spiral path as 
shown in the figure. The velocity of the air mass at a radial distance 
of 80 km from the centre of the eye is 150kmh~!. What could be the 
velocity of the same air mass at a radial distance of 40 km from the 
centre of the eye? 


(1) 75kmh^! (2) 150kmh”! 
(3) 15042 km he" (4) 300km h7! 
(5) 450kmh- 





26. An analogue multimeter connected to 
a circuit is shown in the figure. The 
reading of the multimeter is 














(1) 8 Q 
(2) 7 mA 
(3) 14 V 
(4) 7 V 
(5) 14 V 
27. Alarge number of point charges are uniformly spread out over a non-conducting P d 

ring of radius r. If the total charge on the ring is Q, what is the electrostatic 
potential at point P on the axis of the ring, as shown in the figure? 

Q nit. all 
() Az£,d 2) Ane gr 

Q Q 
(3) Qe 

8x e rd An&N ra a 
rQ 


(5) 


Az&yd r +a 


28. The human blood circulatory system consists of about one billion (10?) capillary vessels each with 
an average diameter of 8 um. If the blood is pumped from the heart at a rate of 5 litres per minute, 
what is the average speed of blood flowing through the capillary vessels in cm per minute? 


l 25 25 125 125 
( 32x (2) 16x (3) ax (4) 16x (5) ax 
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29. Two thin spherical metallic shells are placed concentrically as 
shown in the figure. Inner shell is kept at a potential V while the 
outer shell is grounded. The variation of the electric field E with 
distance x from the centre is best represented by 








I 
I 
R 


“SP ee ee ee ee 
Rew wee ew ewe m 





0 R X 0 x 
(2) (3) 
E E 
0 7 edes 0 . : X 
(4) (5) 
30. An ideal gas expands from state A to state C along P (N m?) 
two different paths, ABC and ADC, as shown in the B e 


P-V diagram. The heat absorbed by the gas during the 6 X 10^ 
processes AB and BC are 200 J and 700 J, respectively. 

What is the change in internal energy, when the gas 

expands along the path ADC? 


(1) 380 J (2) 520 J 2 x 10^ 
(3) 720 J (4) 880 J 
(5) 1080 J V (m?) 





31. A ball is dropped freely to a floor from a height of 1 m. If its speed is reduced by 25% at each bounce, 
what would be the height the ball reaches after three bounces? 


oi olja (f elf off 


32. Part of an orbiting satellite is coated with a metal that has a work function of 5 eV. The Planck constant 
is 4-1x 107? eV s and the speed of light is 3x 108 ms~!. What could be the longest wavelength of 
incident sunlight that can eject an electron from the metal coating? 


(1) 12:3 nm (2) 246 nm (3) 683 nm (4) 800 nm (5) 1230 nm 


33. A standard photographic slide has a picture size of 30 mm x 40 mm. An enlarged image of the slide 
is projected onto a screen 4-0 m away from the projection lens of a ‘single-lens slide projector’. If the 
size of the image on the screen is 1:2 m x 1-6 m, what should be the focal length of the projection lens? 


(1) 49 cm (2) 9.8 cm (3) 10:2 cm (4) 49 cm (5) 98 cm 
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34. A test tube is made to float upright in a fluid by placing a metal ball at 
the bottom of the tube as shown in the figure. Total mass of the tube 
and the ball is m, density of the fluid is (,and the cross-sectional area 
of the tube is A. Effect of surface tension and the viscosity of the fluid =====— 
can be neglected. If the tube is given a small vertical displacement, ~~~ -- 
what is the period of oscillations of the subsequent motion of the tube? —- —— — 


|Apg m 2m sorts 
2 [o ECIAM Iu 
(1) 2z4— Q) 2x un. (3) 2x A m 






ux 2x |m ) | mg e ru oed, Ei gum crue amt ue 
(4) 2ADg (5) 22 Fa 


35. Consider a massless balloon attached to one end of a light string. The other end of the string is 
attached to the bottom of a water tank which is fixed in a truck as shown in the figure. The balloon 


is completely submerged in water. The velocity-time graph shows, the motion of the truck. 
velocity 








0 time 
! h h 
The positions of the balloon and the string inside the water tank during the time intervals 7,, £j, and 


t, are best represented by 


i 





36. Consider four metal balls of same volume placed on a smooth horizontal surface. Mass of each of 
the first three balls is m while the mass of the fourth ball is 2m. They are equally separated on a 
straight line. The first ball moves with speed v and collides with the second ball resulting a series 
of linear elastic collisions among the balls. After all the collisions, the motion of each ball is best 


represented by 


o O000 7 @0@O6 
Gn) 


Nie 


2v 
3 


5608 “OOO 
o DAAA" 
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37. For optimum operation of a light emitting diode (LED), 
forward voltage and current should be 2V and 10mA, 
respectively. Transistor is having V,, = 0-7V, current gain 
B = 100, and Vopr = 0°1V. For the circuit shown in the 33k% 
figure, what are the values of R, and Rọ for the optimum 
operation of the LED? 


(1) R, = 100Q and R, = 1kQ 1:7 kQ 





(2) R = 1kQ and Ro = 1kQ 
(3) Rẹ = 1kQ and Ro = 290 €) 
(4) R, = 10kQ and Ro = 1KQ 


(5) R, = 10KQ and Rọ = 2902 


38. A piece of metal is attached to the top of a rectangular 
wooden block that floats in water. As shown in the figure, 
50% of the volume of the wooden block is submerged in 
water. The metal piece and the wooden block have the — — — —-- ~~ ~~ —-—-----— 
same mass. If the wooden block with the metal piece is — ^ ^ — | | . 
flipped up side down, what could be the percentage of the 
volume of the wooden block submerged in water? 


(1) Slightly smaller than 50% (2) Much smaller than 50% (3) 50% 
(4) Slightly larger than 50% (5) Much larger than 50% 





water level 


39. As shown in the figure, an incompressible liquid flows steadily through a horizontal pipe. Two 
narrow vertical tubes are fixed at two places on the horizontal pipe where the cross-sectional areas 
are A and 2A. If the height difference of the liquid columns in the two vertical tubes is h, flow 
rate of the liquid through the pipe is 


(1) AJ2gh Q) Aj6gh 


32h h 
(3) mE (0 ja [2h 


(5) 2A 2g 
40. The figure shows the displacement-time graphs for displacement 

the motion of two cars with respect to a lamp post Car 1 

aside the road. Consider the displacement to the right 

side of the lamp post as positive. A student has made 

the following statements regarding the motion of cars Q 

relevant to the points P, Q, and R marked on the graph. 





(A) Relevant to P: Car 1 coming from left crosses B P R "me 
Car 2. Car 2 
(B) Relevant to Q: Both cars are moving towards 
the lamp post and cross each other. 
(C) Relevant to R: Car 2 coming from right 
passes the lamp post. 
Which of the above statements is/are correct? 
(1) Only B (2) Only C (3) Only A and B 
(4) Only B and C (5) All A, B, and C 
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41. 


42. 


43. 


44. 


A whistling firecracker having a constant whistling frequency is fired vertically upward. It travels 
initially with an acceleration, then with a deceleration, and finally blasts before coming to the rest. 
An observer at ground directly below the firecracker listens to the whistling sound of the firecracker. 


Consider the following statements regarding the frequency of the sound heard by the observer. 


(A) During the acceleration, it is higher than the whistling frequency and is decreasing with 
time. 

(B) During the deceleration, it is lower than the whistling frequency and is increasing with 
time. 

(C) Just before the blast, it becomes equal to the whistling frequency. 


Which of the above statements is/are correct? 
(1) Only A (2) Only B (3) OnlyC 
(4) Only A and B (5) Only B and C 






A metal bowl of mass 700 g contains 1 litre of 
water at 27 °C. When a steel ball of mass 300 g 
at 120 °C is dropped into the water in the bowl, 
the final temperature of water is measured to be 
30 °C. Specific heat capacities of steel and water are 
500 J kg-! K-! and 4200 J kg^! K^!, respectively. Out 
of the metals given in the table, what could be the 
metal that the bowl is made of? 

(1) Aluminium (2) Copper 

(3) Lead (4) Iron 

(5) Silver 


Specific Heat Capacity 
(J kg’ K’) 







Aluminium 


[90 


Lead 


Three right angled prisms of refractive indices n,, 
n,, and n4 (n, » n,, n4) are arranged very close to 
each other on a table as shown in the figure. There 
are no gaps between the contact surfaces of the 
prisms. A ray entering through the face AB with 
an incident angle i, refracts at faces AB, BC, CD, 
and DE, and emerges from the face DE without deviation. The angles of refraction at the faces AB, 
BC, and CD are r,, r,, and r,, respectively. Which of the following expressions is incorrect? 





(1) sini = n,sinr, (2) n,sinr, = n,cosr, (3) sini = n,cosr, 
(4) N, COST, — na sin r4 (5) COSI N, COS r3 


Each of the single turn wire loops placed on xy plane as shown in figures, carries the same 
current /. A uniform magnetic field is applied along the positive direction of the x-axis. Assume that 
each wire loop can rotate freely about its symmetric axis perpendicular to the magnetic field. Which 
choice represents the order of loops that the initial torque acting on them are in descending order? 


y (P) y (Q) (R) (S) 






0 1 2 3 : 
(D BQ,R,S (2) R,Q,P,S (3) O,ER.S (4 SROP OG) ROS 








01 - Physics (New/Old Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 10 of 63 





45. Three cells with electromotive force (emf) E,, E,, and E}, and internal 
resistances 7}, 7,, and r}, respectively, are connected as shown in the 
figure. Which of the following expressions gives the potential at point 
P of the circuit? 


+ E, + ii cal Mee 
a) E£*5t5 O EE Aii ae 
3 jE, + ELE, + BE, 
2 Z 2 
pes v Bd i m Ateno 
n^ * ns * n5 hy + Thi + Hh, 


(5) An + ng + Enn 
n^ 


46. Consider a battery of electromotive force (emf) E, and internal R I 
resistance r. As shown in the figure, it is connected in series with a 
resistor R and a variable dc voltage source which can be reversible. 
When the voltage of the variable source V,, is varied, the graph of 
I vs V is best represented by 





variable dc voltage 
source (reversible) 


V V 

K N A V P ME 
(1) (2) (3) (4) (5) 

47. Consider the circuit shown in the figure. The 


graphs show the waveforms of the applied voltage 
and the current through the load L. 


I 


4 





The average power dissipation of the load is 


VI, I 
4 





(1) 0 (2) 


(4) Valm (5) 2V E 


Sk 


Vm 
G) 5 Jo 
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48. Two long, straight, and parallel wires are placed in 
free space. Consider the following two cases as shown I T I I 
in the figures. 
(a) Wires carry the same current / in the same direction. caen Xx Uca ned >X 
(b) Wires carry the same current / in opposite directions. 
Consider the direction of the magnetic flux density (a) (b) 


into the paper as positive. Which pair of graphs best 
represents, the variation of the magnetic flux density B between the two wires? 








49. What is the current through the battery of the circuit shown in the figure? 


() gg 


4R 4R 
V 
© aR Sc 
V R 
© 2R NN A 
(4) 4 Ligh Lig 
2V s a 
R 


(5) 
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50. A small object is placed inside a right circular cone with axis vertical 
and vertex down as shown in the figure. The coefficient of static friction 
between the inner surface of the cone and the object is u. What is the 
maximum angular velocity of rotation of the cone about its axis for the 
object to be on the inner surface of the cone without slipping at a distance 
d away from the axis? 


(1) |s(cos 0 - u sin) Q) g(sin 8 — u cos 8) 
d(sin 0 + ucos0) d(cos@ + usin 8) 
(3) g(cos 0 * usin 9) (4) g(sin 0 + u cos 0) 
d(sin@ — u cos 0) d(cos0 — usin 0) 


g 
(3) d tan 0 
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AL 2019 - Physics (New Syllabus) - Part I -Answers with simplification 


01. Fundamental units are m, kg, s, K, A, mole and Cd The answer is............ (2) 
02. F = G “2 E xem a 
T Mm 
(M L T~2)(L)? 


Dimensions of G = = LMT? The answer is............ (4) 


M2 


03. When the transistor is working in saturation mode, the collector current is 


constant and it is already at ' ON'' position The answer is............ (5) 
OA. 
up charm top 
Quarks 
down strange bottom 
electron muon tau 
electron M uon Tau Leptons 
There are six quarks and six leptons The answer is............ (5b) 
: : è ; G 
05. The gravitational potential due to a point mass m, V(r) = — — 


V(r) | 


0 r 


| The answer is............ (2) 


06. Third answer is incorrect because increasing the mercury volume does not 
increase the range of measurement. But it increases the sensitively of the 
thermometer. 

The answer is............ (3) 


07. All the statements are wrong because 
(A)Ultrasound energy does not depend on the frequency 
(B)Ultrasound cannot ionize materials 
(C)Ultrasound cannot be polarized 
~ All are wrong statements The answer is............ (5) 
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08. AŬ = Vg—U, 








- v The answer is............ (4) 


O9.(a) by his hands on the weight 


F |h 
| Work doneW =F xh=(4+)x(4)> (4) 
(b) by the gravity on the weight, 


| 
mg Work done W = mg x h = (—) x (+) > (-) 
(c) by the weight on his hands 


| ^ 


Hands 


Work doneW -Fxh-2(—)x(4)29 (-) 
The answer is............ (3) 
10. B is incorrect because pumping frequency is 5 


C is incorrect because E; is the metastable energy level 
The answer is............ (1) 


11. Change of Plo is constant with the altitude 


p= um PRT, > v x vT as T i1 and v 4 


v is dependent only on the temperature. 
- Statements A and C are correct The answer is............ (4) 


Additional information 
Altitude P 






x Both P and p decreases 
` Q3 





^n 
^ 








At constant T 


SA 
` 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
^ 
~a 





P (pressure) 


Change of Plo is constant with the altitude 
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12. The energy of the X-rays depends on the high voltage applied, not on the current 
through the filament. The filament current controls the intensity of the x-rays 
The answer is............ (4) 


13. At dew point, if the volume of the container is reduced, some of the vapor will 
condense and the absolute humidity will remain unchanged. 
The answer is............ (3) 





14. 
Area under the curve 
1 
AE — 2 (T, t T;)(l; — à) 
The answer is............ (5) 
1 — 3P 3x(1x10° Nm~? _ 
15. Pp-lp = p = 5 = Ne = 0075 kgm 
The answer is............ (2) 
16. 
A B 
emitti paci D ird idit e A N 
« 3210ms^! 6420ms^! 
A=2Z2m 
For the rod A For the rod B 
_ 3210 ae 
[Um [73 
> = — x2m=4m The answer is............ (4) 


3210 


17. The electric field at point A is only due to +q and —q circled below, because 
other charges are symmetric around the point A. 











+q +3q +q 
.. the electric field 
a > ~ 
/ N A / N 
| Tqe l - I e—q! pu qo q — 2q > 
E ; : , ^ A4mega?  4mega? Amega? 
uut v a 0 0 0 
e e The answer is............ (1) 
tq +3q +q 
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18. The energy stored in a capacitor E=-CV?. 
2 


To maximize the energy storage, both C and V should be maximized. 
To maximize C, capacitors should be in parallel configuration and to maximize V, 


the batteries should be in series configuration. The answer is............ (3) 
lp 26A 
19. P= Vp = V; | | 
60 =6xXVp =I, X 12 
Vp Vs =12V 
*. Vp: Vs = 10:12 
> Step Up and Ipil =6:5 | =" 
The answer is............ (5) 


20. B = #% and magnetic flux through the coil 3 = BAN = Hol AN 




















2nR M ATR 
It is given that A = i, cos at. 
. . . Ag  HgoAN Ai — HoAN ,. e 
~e.m.f. induced €= ee on ee The answer is............ (4) 
21. 
". A à 
a om Work done on the proton by the electric field 
u p 2eV=qExd=qxd Vıp =2V 
be rnini 
As A and C are on the 
equipotential line, Vac = 0 V and Vgc = Vga = —2 V The answer is............ (1) 
22. 
9 
e m 
Acceleration (a) of the object is given by 
mac GMem | GMaqm — GMem — G0.0123Mem — GMem xd 
— (30R  (30RD  (30R)? (30R)2 . mp? 302 
Since g = 777, a — 0.0011g — 1.1 x 103g The answer is........... (2) 
23. 
Vy 
—_> 
— —— 
V2 
2cm —_ 
— ———— ——— — —JÀ 
v=0 
= —4 
F = nA (v4 V2) = 5 = ue XTUT4 - V, - 10 m gl 
d 2x10 à 
~ the speed at the middle vz = = = 5m s™! The answer is............ (2) 
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24. Since there is a current flow through terminals in both biases, resistance and 
diode must be connected in parallel. 
When the diode is reverse biased, current in the circuit is lower as the total 


resistance is higher. 
I = 50 mA R 


1250x10?xR > R=20Q0 


1V 
When the diode is forward biased, current in the circuit is doubled. 
R 


R 
Ls, 
1V 


The answer is............ (5) 


= Rp =R=200 


25. For the air mass, applying the principal of the conservation of angular momentum 
M To Wg0 = M Tio W4 ANd w = V/, > T80 Vgo = T40 V40 
150 x 80 = %) x40 > v4 = 300 km h71 The answer is............ (4) 


26. According to the figure, 2 V is selected by the indicator, therefore DCV-A scale 
must be used, and. 2V => 10 scale divisions 


- 7 Scale divisions — T x2V=14V The answer is............ (3) 
27. 
P 
Due to a single point charge q; , potential at point P; 
_ di 
yr? +d? d a 4n€o Vr? *- d? 
Potential due to all the point charges 
Qi 
qi V = Sum of (V;) = Sum of e) 
! Ate, Vr? + d? 
_ sumof(q) _ Q 
Ane, vr*-+d* Ame yr? + d? 
The answer is............ (4) 
28. Volume flow rate 
V 
T = Åv xn 
5 x 1000 cm? 8 E : 
———— —— — qc x [2x10 tcm) x v x 10° 
1 min 2 
p= = cm min! The answer is............ (5) 


29. If the Charge on the inner shell is Q 
E=——  forr<x<R 


4T Eox? 


E=0 forx<r and x>R 
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30. Path AB = AW — 0 and AQ =200 J >- AU, = AQ — AW = 200 J 
Path BC > AW = P(AV) = (6 x 104 N m~?) x (3 x 107? m?) 2180 J 
,andAQ=700J) > “~ AU, = AQ — AW = 700 — 180 = 520 J 
~ Total change in internal energy through path ABC 
AU - AU, t AU, = 200 + 520 = 720 J 


Since AU is independent on the path 2(AU)4g; — (AU)upc = 720J 
The answer is............ (3) 
31. 2 
eju -0 |v^ 2-u?^-2as > v?=04+2gh > h=" /oe 
i After the 1°% bounce > v’ = = v 
nd W 3 , 3X? 
After the 2'* bounce ES Y= (=) V 
3 
e After the 3™ bounce > v” =y" =È; v 


- The height after the 3'* bounce 
F (v)? _ 3 6 2 _ 3 6 _ 
h! = 2; ^ ($) " [ag - (5) hand ho 1 m. 


6 
ei (=) m The answer is............ (4) 


4 


32. Photon Energy E = hf = uo 
To free an electron with the smallest E, kinetic energy should be zero. 
E = Work Function + Kinetic Energy 
The smallest energy (E) = Work function 
5 eV z hey, 
longest 


_ (4.1x10715 eV s)x(3x108 ms?) 


Atengest = ——., —= 2.46 x 1077 m 
i.e. Aiongest = 246 Nnm The answer is............ (2) 
33. 
1.2 x 1.6 m? 
30 x 40mm? 
—u— v= 4m 
1 1 1 1 1 1 v v v 
v m 

= f = 1-m  1416m/(40x10-3m) 0.098 m 

ie. f=9.8cm The answer is............ (2) 
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34. At equilibrium mg = hApg 
Applying F = m a along J direction for the 
motion of the tube. 
m a — mg — (h t x)Apg — hApg — (h + x)Apg h 


A A O 
a = — ( Pj X > w = PSJ n => At E 


Taan y= n a 


35. Because of the inertia, as the truck accelerates, the water moves opposite to the 
direction of acceleration and therefore the balloon moves along the direction of 
acceleration of the truck. 

When there is no acceleration, no motion of water therefore no motion of the 
balloon. 

When decelerates, the water moves along the directions of motion, therefore the 
balloon moves opposite to the motion of the truck. 






U = A(h + x)pg 


The answer is............ (2) 





The answer is............ (4) 


36. For the 1 *' collision, both liner momentum and energy are conserved. 


v 
> 


v 
© Oc50 Gà 
Before collision After collision 
The 2" collision is similar to the 1 * collision. 
Now consider the 3" collision 


v v 
$ 


v 
© 6co0 6 

Before collision After collision 

Conservation of linear momentum > mv = 2mv, — mv 
; 1 1 1 
Conservation of energy > = mv* = = 2mvz+ > mvj 
— vV — Av 

From these two equations v, — Vf, and v = "f, 
After two more collisions 


<3 
@) @) o The answer is............ (4) 


(Student can pick the answer without writing these equations, but by checking the total 
momentum and total energy from the answers as the initial momentum and energy are known.) 


S /3 
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37. 


Vo= toV _ 10mA 
—— Bea = 5s — 0.1 mA 
Rc Ic = — 10 mA Ip Bac 100 








33kQ d 10 mA "E 1.7 ae 
px 15 17«433^7^ ^7 
1-7 $^ e Vi = Lp Rp + 0.7 
1.7 20.1 x 102R4 + 0.7 > Rp = 10 kO 
: Ry — 10 kQ 
Vece = IcRc t 2 t Veg(sat) > 
Z (Vec = Vcrcan) / 
| (5-2 — "e O 
cim (10 x 10-3) 7290 0 
« Rg — 10 kQ and Re — 2900 The answer is............ (5) 


38. The weight of the both wooden block and the 
metal piece is balanced by the up thrust. ofa} de 
Since half of the volume of the wooden block 
is submerged, the up thrust is the weight of water of that volume. 
When flipped up side down, since the metal piece is now inside water, the volume 
of the wooden piece under water should be little less than half of its volume. 


~ The answer is "slightly smaller than 5075". The answer is............ (1) 


Applying Bernoulli's equation at points with 
pressure P, and P; 


l 2 l 2 
Pi +5pri = P, + 5 PY. 


From continuity equation 





=> Av, = 24v, — vı = 2v» i.e. Vy > V5. e P, > Pi 
1 1 3 2gh 
~ hpg = P,-P, =-pvi—=pv}==pv3 > v= |8 
. A s — 54 |28h 
~ Flow rate Q = Av; = 2Av, = 2A /3 The answer is............ (5) 


40. At point P, the 1*' car is just passing the post Silica 
d isplacement 

while the 2" car is somewhere in the right side Car | 
and moving towards the post. 
« Statement A in wrong. 
At point Q, both cars cross each other but not 
moving towards the lamp post. Only car 2 is 
moving towards the post. 
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~ Statement B is wrong 

At point R, the 2" car is just passing the post and also it is coming from the right 
side. 

- Statement C is Correct The answer is............ (2) 


41. Source is moving away from the observer. Therefore, the frequency heard by the 
observer is less than the whistle frequency. 
A is wrong as it says that the observed frequency is larger than whistle frequency. 
B is correct as the observed frequency is smaller than the whistle frequency and 
during the declaration, the relative speed decreases, therefore, the change in 
frequency decreases. 
~ The observed frequency increases with time towards the whistle frequency. 
C is wrong because the fire cracker blast before coming to rest. Therefore, the 
observed frequency cannot become the whistle frequency. 

The answer is............ (2) 


42. Heat absorbed by water and the bowl + Heat lost to the surrounding 
= Heat lost by metal ball 
0.7XCxX3+4+1 x 4200 x 3 + AQ = 0.3 x 500 x 90 > C = 428.6 — AQ/2.1 
^ € « 428.6 > Silver and lead are not possible because the heat lost is small. 
The material of the bowl has to be copper. The answer is............ (2) 


43. Since incident ray is parallel to emergent ray, 
emerging angle is 90- i, 
- "14 sin(90 — 3) = sin(90 — i) 
=> Nz COST3 = cosi 
The wrong expression is sini — n4 cosr3 





Alternative Method 

At face AB > sini = n; sinr; 

At face BC — n, sin(90 —r,) = n, sinr 
>n, COST; = Nz SINT 

At face CD — n, sin(90 — r;) = ng sinr 


> N COST, = N3 SİNT3 
At face DE > n; sin(90 — r3) = sin(90 — i) 
=>N3z COST3 = COSI 
The wrong expression is sini = n3 cosr3 The answer is 





44. Torque (1) applied on a rectangular loop placed in a uniform magnetic field, when 
the field is perpendicular to the wire. 
t — INA => TAA 
This is valid irrespective of the shape of the loop. 
List the loop by area. 
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Ap =~ X2X3=3,49 =1X4=4, Ap = 21.5)? = 7, and Ac = 1.5 X 1.5 = 2.25 
2 Q 
i.e area of R>Q>P>S The answer is............ (2) 


45. If the potential at P is V, > iri = E1 -V or 
rı 
From Kirchhof's law > ii +i, +i; =0 
i.e. ae ee 
T4 T2 T3 
Multiplying by T1213 => (Ei E V)r;r + (E; = V)rira + (E3 — V 
E4T2T3 + E2rır3 + E3T4T5 


> y = Bitar + Betis + Estar L 
T4T2 +1273 + 1173 





l4 


Alternative Way 
If r, 2 0, then V 2 E,. When substituting r, ^ 0 in the given answers, only 4" 


answer will give V = E,. The answer is 








V=Ir + Eo I 
»Ir=V—E, 
1 E 0 v 
-(y-8 
r 
The answer is............ (4) 
47. Energy dissipation in a cycle = Vn (=) (=) tT (-Va) (=) (=) 
I\ (T 
Average power dissipation = zrnka) = m 
The answer is............ (2) 
48. The magnetic flux density produced by a current carrying wire. 
EE 
. 2nd 
As d increases B decreases and also B. is higher near the wire. 
The direction of B is given by the right-hand rule. 
The answer is............ (4) 
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R/ R/2 R/2 R 





E 1="/p 
The answer is............ (4) 


50. For the motion of the object, applying F = ma 
Along KS R — mgsin 0 = m (dw? cos 0) 
Along V F --mgcos0 — m(do* sin 0) 


For Static friction > F < uR 
mdw* sin@ —mg cos0 x u(mgsin0 + mdw* cos 8) 
g (cos + pu sing ) 


d ( sin0 — ucosO ) 


2 


= |g (cos * pu sin8) 


Wmax m 





d (sin0—ucosO0) 
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All the other questions are same as for NEW syllabus except for the following questions: 


4. Power generation by nuclear fusion is challenging due to 
(1) limited abundance of light nuclei. 
(2) difficulty in disposing the nuclear waste. 
(3) emission of harmful radiation. 
(4) difficulty in controlling the nuclear reaction. 
(5) inability in achieving necessary reaction conditions. 





18. Two objects of masses m, and m, (< m,) having charges q, and q,, respectively, are suspended by 
two light strings. At equilibrium, objects are in the same horizontal line as shown in the figure. Which 
of the following choices is true for the equilibrium of the system? 

(1) 7, = T,, 0, = 9, 


(2) T, = T,, 0, > @, 
(3) T, > T,, 0, < @, 
(4) T, > T,, 0, > 4, 
(5) D x L 0, « 0, 





m, 4| mis d 


21. The intensity of an ultrasound beam entering a tissue is 10 mW cm7. If the reduction of intensity 
level of the beam is 2 dB per centimetre, the intensity of the beam at 5 cm depth is 
(1) 10mWcem? (2) 05mWcm? (3) O2mWcm? (4) O1mWcm^? (5) 0:05mW cm? 


22. Alight string and a heavy string are connected together. A wave pulse in the 
light string moves towards the heavy string as shown in the figure. 
Which of the following best represents the shape of the pulse/pulses in 
the subsequent motion? 


(1) (2) (3) 


—- 





(4) (5) 
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AL 2019 - Physics (Old Syllabus) - Part I -Answers with simplification 





4. In fusion, to overcome the repelling force between atoms that are getting close 
enough to "fuse", there must be extreme temperature and pressure, like in the Sun. 








The answer is............ (5) 
18. 
T4 cos 04 — m4g T, cos 0; — m5g 
Tə I 
ex T4 sin 0, — T sin 0- 
2 F, 
mg tan 801 = mz2g tan 90, 
tanO4 — ma 
on ll as m,>™m, 
mi8 m28 
— tan 04 « tan 6; 2 .0,«0, — Sin6Ó, « sin 6, => e TT 
« Answer T,» T5,0, « 0, The answer is............ (3) 
I, I 
21. Totalloss —2dBcm ! x 5 cm = 10 dB ANN >| 5cm "vvv 
T dB — 10 log (=) Tissue 
: Surface 
—1= = 1l 24071 = =2 
1 = log (=) 5  r-10 5 I-1mWem 
The answer is............ (1) 


22. At the joint between the strings there will be reflection as well as transmittance. 
e Inreflection the phase changes by r. 
e Along the heavy string wave transmits with less amplitude and without change in 
phase. 
e The wave reflects back in the light string with more amplitude compared to that 
of the transmitted wave. 


The answer is............ (2) 
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Bead 


1. An experimental setup used in a school laboratory to determine the surface tension of a 
liquid is shown in figure (1). 





Figure ^` 


(a) (1) Figure (2) shows the enlarged 


view of the vertical cross section N Wall of the 
of the capillary tube along the N : Capillary 
axis. Draw the meniscus of the NA Tube 
liquid inside the capillary tube ess SS 


and indicate the surface tension 7, 
and the contact angle @ between N 


the liquid and the glass surface i 
Figure (2) 


of the capillary tube in this figure. 
Drawing the meniscus correctly imul) 
Indicating T (at least one) with an arrow in correct direction ree eteee seen see (01) 
Indicating the contact angle 0 MMMNMNMNMNMN (UM 


(ii) If the height of the liquid column in the capillary tube, the inner radius of the 
capillary tube, and the density of the liquid are h, r, and P, respectively, obtain 
an expression for hpg in terms of T, r, and O. 


(2nr)T cos8 (2 mg) — (nr^)hpg "ER NE (928 


hog = 705" c (O1) 


r 


(No Mark only for writing this equation) 


Alternative Method 


2T 


Po — ccosd; * PS = Po 


__ 2Tcos 0 


r 


hpg 
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(iii) Clearly writing the assumption made, show that the equation obtained in (ii) above 


can be reduced to h= 24. 
"ps 
The contact angle between the glass and the liquid should be very small or zero. 
cA (01) 
For small 8 cos «1 OR hpg-?T/, — .  eooseeeeeee (01) 


(iv) In order to satisfy the assumption mentioned in (iii) above for a given liquid, write 
down the experimental procedure that should be followed in the correct order. 


Wash/clean the capillary tube with a base first, then with an acid, and finally 
with pure water. (Then dry the tube) —— CO) 


(Only for the correct answer with correct order) 





(v) Before taking the readings required to determine the height A, what is the adjustment 
to be made in the experimental setup shown in figure (1)? 


Raising the lab jack until the pointer just touches the liquid surface. 





...(02) 


(b) The following graph shows the experimental data (in SI units) obtained using 6 capillary 
tubes with different radii to determine the surface tension of water. 


(x 1073) 





HHHH HH 


H 
HER 


HHHH 
HE L.] A- EEE 


HHHH 
menek 





(i) Considering the equation in (a)(iii) above, identify and write down the independent 
variable (x) and the dependent variable (y) of the graph. 


x: 1/, eee 1) 
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(ii) Determine the surface tension of water using the graph and state the answer with 
SI units. (Density of water is 1000 kg m?.) 


(26.5—6.5) x10^? 


Gradient m — Qu 1.404 x 107? m? eere (O1) 
m=- OR T= “S ess (O1) 

T= 1404x 10 1000 x10 (For the correct substitution)................... (01) 

T = 7.02 x 1072 N m~t OR kgs™? [(7.00 - 7.02) x 107] — (02) 


(01 Mark for the correct answer and 01 Mark for the correct unit. 
If only the unit is written without workout, no marks) 


(ii) What would happen to the capillary rise if soap water is used instead of water? 
Briefly explain the answer. 


~ The capillary rise would be smaller compared to the water when soap water is 
used. eerte trece (D 1) 
The surface tension of water is reduced when soap is added . ..................... (01) 


2. An incomplete diagram of an experimental setup to determine the thermal conductivity of a 
metal by the Searle's method is shown below. 





(a) What are the purposes of inserting tubes P and Q into the steam generator? 





P: To supply steam sesssassestesssssesseseee(O1) 
Q: To control the pressure OR to maintain the pressure inside the steam 
enerator at the atmospheric pressure seen ' (O1) 





(b) Proper connections of steam and water supply to Searle's apparatus are necessary to 
obtain the accurate result. , dingly, select each connection and give reasons. 






(i) Steam supply (A or B):.i.....J.. sevssscssesscasesscseeseeeee o (OT) 
Reason: 
As steam is less dense than the air, it will fill the chamber before leaving 
through B OR 
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If B in connected, steam will leave out through A, without filling the chamber as 
steam is less dense. OR 
Steam should be in contact with the rod throughout the experiment. 

OR 
Condensed water may block B, if it is connected through B 

OR 
To make sure one end of the rod reaches the steam temperature 

(For any correct reason) aeaee oaeee o o e (OL) 


(ii) Water supply ( L or wM, mW (os 


Reason: 
To get large difference between the temperatures of the thermometers 
T3 and T4 OR 
To ensure the maximum heat absorption by water 
OR 
To achieve the steady state quickly 
(For any correct reason) .....................(01) 


(c) State three more measuring instruments needed in this experiment and briefly state the 
specific measurement taken by each of them. 


Instrument Measurement 


T TL 
Vernier Caliper mE of the ro Separation between T: and T; (in 


Stopwatch Time taken to collect water (at steady state) 


Electronic/ 3 beam/ Mass of the water collected (at steady state) 
4 beam balance 


Meter Ruler Separation between T: and T» (in the rod) 


For any three correct instruments with correct specific Measurement/s......... (03) 





(d) The separation between the thermometers 7, and T, is 8-Ocm. If the constant temperature 
readings of T, and T, are 73:8*C and 59:2 °C, respectively, calculate the temperature 








gradient. 
: 73.8—59.2 14.6 
Temperature gradient = ~~~ = = —j — —Ó (058 
—182.,590m^"!OR 1825Km^! ess (O1) 


(e) Does this temperature gradient vary along the rod? Bnefly explain the answer. 


No nm OL) 
Because the rod in lagged (Insulated) ees . .(01) 
(f) At thermal steady state, the difference in thermometer readings of T, and T, is 95°C and 


the flow rate of water is 120g per minute. Calculate the rate of heat absorption by water. 
(Specific heat capacity of water is 4200J kg! K-!.) 





Absorption Rate — gJ, = =r! , - xsx0ü- » x 4200 x 9.5 eee 1) 


= 79.77 W (79.8 W) ess (O1) 
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(e) If the cross-sectional area of the rod is 12:0 cm’, calculate the thermal conductivity of the 
metal and state the answer with SI unit. 


Qj 2 K.A98-8 OR 798- K x 12x 107^ x 1825 ss (01) 


K = 364.4 Wm!K'! [3642- 3644] E (OA) 
(1 Mark for the correct answer and 1 Mark for the correct unit. If only the unit is written 
without workout, no marks. No mark for the unit W m~!°C~*) 


(A) Is it possible to use the Searle’s method to find thermal conductivity of a poor conductor? 
Briefly explain the answer. 


No. E (O F D) 


Heat flow through the axial direction of the rods is not possible/ not sufficient 
OR 


Temperature difference/gradient between the thermometers T; and T, is not 
measurable 
OR 
Temperature difference between the thermometers T3 and T, is not measurable. 
(For any correct explanation) ..................... (01) 


3. A standard spectrometer, a glass prism, and a monochromatic light source are used to determine 
the refractive index of the glass. 


(a) A few necessary adjustments are to be done to the spectrometer before starting to take 
measurements. 


(i) What is the adjustment that should be done to the eyepiece? 


Eye piece should be adjusted to obtain a clear view of the cross wires 
NN (OR 


(ii) Telescope is pointed to a distant object and it is adjusted until a clear image of 
the object is formed on the cross wires. What is the purpose of this adjustment? 


To receive parallel beam/rays of light. reete (O02) 
(ui) What is the adjustment that should be done to the slit of the collimator? 


The slit should be adjusted to be narrow and vertical, (and illuminated by a light 
source.) a (O J D) 


(iv) The telescope is brought in line with the collimator. Then the collimator is adjusted 
until a sharp image of the slit is formed on the cross wires. What is the purpose 
of this adjustment? 


To obtain a parallel beam/rays of light from the collimator/to the telescope. 
oaae emera a e e e (02) 

(b) In order to level the prism table, the prism is placed as shown in figure (1) and the 
screws P, Q, and R are adjusted. 





Figure (1) 
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(1) When the telescope is at position 7,, the screw Q 


(ii) 


(c) 


is adjusted to obtain a symmetric image of the slit 
on the cross wires. When the telescope is moved 
to the position 7,, which screw should be adjusted 
to get a symmetric image of the slit? 


Screw P n" (ex 


A student stated that the levelling of the prism 
table could easily be done using a spirit level. Is 
this statement correct? Briefly explain the answer. 


No. MN (OUS 


Prism table should be leveled parallel to the optical axis of the collimator and the 


telescope, not to level parallel to the horizontal / to the table. 
OR 


Purpose of leveling the prism table is to make it parallel to the light beam of the 


collimator and the telescope, not to the horizontal. 
OR 


Leveling the prism table parallel to the horizontal will not make it parallel to the 
light beam of the collimator and the telescope. (For any correct explanation) ....(01) 
When the telescope is at positions T, and 7,, the readings of the spectrometer are 279° 58’ 


and 38? 02', respectively. Note that the telescope passes the zero of the main scale when 
it is moved from 7, to T,. Calculate the prism angle A. 


2A = 360° —T, + T> = 360° — 279° 58’ + 38° 02' vee eeeeeeesus (01) 
= 118° 04’ 
A — 59? 02' eee ces (O1) 


01 - 
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(d) To determine the angle of deviation of a light ray by the given 
glass prism, a student measured the incident and emergent angles 
i, and i,, respectively, as shown in figure (2). The graph shows 
the variation of i, with i,. 


i, (degrees) 





Figure (2) 


ECCL 


L1 L1 
[] 
[1] 
LL 

+ 
i 











(degrees) 





(i) Write down an expression for the angle of deviation d, in terms of the prism angle 


A, and the angles h and m 
d= (i +i,)—A eseria genen O) 
(ii) Determine the minimum angle of deviation D by using the graph. 

From the graph i = i} = i OR Correct line as indicated in the graph ....................(01) 
i= 47.5° OR 47?30' OR 47° OR 48° eus sS O01) 
Minimum angle of deviation > D = 2i — A eer eec (O1) 

— 2x (47.5?) — 59?02' eec (01) 
— 35? 58' (34? 58' OR 3069? 58^) ...........(01) 


(iil) Calculate the refractive index of the glass that the prism is made of. 


J /A4D . (59? 02! 435? 5g' 
sin( — sin| ——————— 
= 2 —_ 2 
^ ein( À 7 . (59? 02' 
sin( /2) sin($2722-) 


=149 (1.48 - 1.51) ueste) i) 


...(01) 


Alternative method 


sini X sin47? 30' 


sinr sin 29? 31' 


—1.49 (148- 1.51) 
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4. Figure (1) shows an experimental setup E, Q K, 
of a potentiometer with a 4m long PA —— 


wire, that can be used to determine 





the internal resistance r of a given | Im - ! 
cell with electromotive force (emf) | FC "ln ! 
E (< E,). | [€ O 
de : 
' e e i 
! lo lp i 
i P > [:] 
' Á b i 

A eb Loren 

aye TS | 

Figure (1) 


(a) State two possible qualities of a potentiometer wire that affect the accuracy of measurements. 


Non-uniformity / Uniformity of the potentiometer wire. e (1) 


Temperature dependence of the resistance of the potentiometer wire OR 
Temperature coefficient of the resistance of the potentiometer wire ^ .... (01) 


(b) Can the potentiometer shown in figure (1) be used as a voltmeter having an adjustable 
range? Give reasons for the answer. 


Yes. A (O F D) 
Range can be adjusted by 
varying the value of Q OR 
increasing/varying the length of the potentiometer wire eee e (1) 


(c) A student observed a small deflection of the galvanometer even when there is no current 
passing through it. Is it advisable to use this galvanometer for this experiment? Give 
reasons for the answer. 


Yes. seen esee eren teneo sen ese cesse coo (1 

Zero error of the galvanometer does not affect the result of the experiment 
OR 

It is the deflection, not the zero reading of the galvanometer that matters in 

the experiment. OR 

Experiment can be continued by observing the deflection from the initial 

position. (For any correct reason )........................... (01) 


(d) When the switch K, is open, the balance length of the potentiometer wire is /,. When 
K, is closed, the balance length is /. Obtain an expression for the internal resistance r 
of the given cell in terms of l, l, and R. 





’ 0? 
E — klg Vl 
yan) OR EMF ——À 
V R 
V=E (—) OR ~=— ss ( O1) 
R — 
Rt+r ly 
r=R(2-1) sc (O1) 
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(e) With the given potentiometer, the balance length can be measured with a maximum error 
of | mm. If R 2» 8Q, I —- 72-4cm and / — 50:1 cm, calculate the maximum value that 
could be obtained for the internal resistance r. 





lo = 72.4 + 0.1 cm OR  1-250.1— 0.1cm ree eteees sees sees (0 1 ) 
72.4+0.1 72.5 

28x (811) 2 gx (281) ccc (Q1) 

= 3.550 OR 3.600 secs (O1) 


Alternative Method 


Ôr = r {2 + a 
lo l 


here r = 8( 


72.4 


c 1) E356 
50.1 n 
0.1 1l 
Ôr = 3.56 [2 + 2n — 0.010 


r(= 3.56 + 0.01) = 3.579 (3.6) 





(/) Internal resistance r can be determined more accurately by a graphical method. Considering 
R as a variable resistor, rearrange the equation obtained in (d) to plot a suitable graph. 
Write down the independent (x) and dependent (y) variables of the graph. 


r=a(e=1) 


t_o(r) 1,2 

oes OR 7=(2) xum sss (01) 
K I R PEPESE o...n... (01) 
y: lo I OR 1 / ] (Award this mark only if the equation is correct) 


(g) The potentiometer circuit shown in figure (1) 
can be modified by replacing the part of the 
circuit marked X in figure (1), by the circuit 
shown in figure (2). For this, the terminals S' 
and 7" of the circuit shown in figure (2) are 
connected respectively to points S and T of the 
potentiometer circuit shown in figure (1). 





(1) Assume that the balance point is located 
between A and B in the modified circuit. Figure (2) 
What is the colour of the Light Emitting Diode (LED) which is lit when the 
sliding key is placed at A and B? | 


At A: Green pahcneluetessten LOL) 


At B: Red ouncsccapcessmsi9i) 


(ii) Briefly explain how the balance point could be found using the modified circuit. 


When the sliding key is kept at different points along the potentiometer wire, at 


the balance point both LEDs should not illuminate OR 
When the sliding key is kept at different points along the potentiometer wire, at 
the balance point LEDs light ON and OFF, alternately. sevssacesstacevate e ee (DE) 
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(iil) State two advantages of this modified circuit in finding the balance point, when 
compared with the circuit shown in figure (1). 


Balance point can be determined with high accuracy (due to the very high 
sensitivity of the circuit) 


No current passes through the points S and T even when the potentiometer is not 
balanced. 


= Cell discharges slowly. 
= Rough balancing of the potentiometer can be avoided. 


(For Any two correct answers, 1 Mark for each) ...........................(02) 
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S. (a) 


(b) 


In electric power generators, the frequency of the output voltage depends on the number of magnetic poles 
P and the number of revolutions per minute N of the generator. The frequency f in Hz is given by 
PxN 
f= T20 ` 
A portable generator consisting of two magnetic poles typically works at 3000 revolutions per minute 
(rpm). 
Find the following: 





(i) The frequency of the output voltage of the generator 
(ii) The rotational speed of the generator in radians per second (rad s) (Take z - 3) 


A student has designed a model of a hydro-power plant by replacing the engine of the portable generator 
mentioned in (a) above, with a turbine that can be rotated by a water flow. He observed that the 
frequency of the output voltage varies with the consumption of electricity even at a constant water 
flow. To control the frequency variation of the output, he designed a controlling device to adjust the 
water flow to the turbine. Schematic diagram of the controlling device connected to a throttle valve 
is shown in figure (1). 


Vertically 
movable sleeve Pivoted point 


(free to rotate) 


iO 
| 


> N 

3j 3 

/ | 
ee 


A 
\ 














Flyball 

Fixed h 
spring 
clamp V 

Rotating axle . Fixed 

coupled to cower Caine Sar <— 

the turbine Throttle pes 

valve d 
: Flow tube Water flow 
Figure (1) 


Assume all the joints in this device are free to move without friction. During the rotation, flyballs 
move horizontally and it makes the sleeve move up and down along the rotating axle. This device is 
symmetric about the rotating axle. Opening and closing of the throttle valve is automatically controlled 
by the rotational speed of the turbine. All the other parts of the device can be assumed to be massless 
except the flyballs. 


(i) Draw the free body force diagram for a flyball assuming each arm connected to it, is under 


tension. Consider the mass of a flyball to be m. 


(ii) If the angular velocity of each flyball about the rotational axle is w rad s', show that the 


2 h 
Here / is the length of each arm and A is the height to each flyball from the lower clamp. 


tensions in the upper and lower arms are respectively given by ml mifa? + £j and maa? — 2). 


(iii) When the frequency of the output voltage is 50 Hz, the value of h is 30 cm. Show that the 


contribution to the tension from the term È can be neglected. 


(iv) If m = | kg and / = 50 cm, calculate the tension in an upper arm. 


(v) When the frequency of the output voltage is 50 Hz, the contraction of the spring is 20 cm. 


Determine the spring constant of the spring. 





01 - Physics (New/Old Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 38 of 63 


E EpL UE d 


(c) When the frequency of the output voltage is 50 Hz, the throttle valve 
is set to block 50% of the flow. That is, the valve is making an angle Throttle 
of 45° with the axis of the flow tube as shown in figure (2). Assume — valve 
that the closing of the throttle valve is proportional to the angle of ^  -------- 
the valve with the axis of the tube. 





The frequency of the output voltage depends on the consumption of 

electricity. When the consumption increases, the output frequency Figure (2) 

decreases and vice versa. 

(i) According to the design, when the frequency of the output voltage becomes 25 Hz, the throttle 
valve will be fully opened. The valve will remain fully open even for frequencies lower than 
25 Hz. Determine the following at the instant of fully opening the throttle valve. (Neglect the 
contribution from the term +) 
(1) Tension of an upper arm 
(2) Contraction of the spring 

(ii) When the frequency of the output voltage increases, the throttle valve closes gradually to decrease the 
flow rate. If the flow is to be blocked by 75%, what should be the frequency of the output voltage? 


3000x2 
120 


— 50 Hz "— ..(01) 


(Substitution should be here to aad this nano 
(ii) Rotational speed of the generator (taking r = 3) 


(a) (i) f= 





w = Inf =2x3x50 OR w=——x 2n =—"x2x3 cess (O1) 
= 300rads^! sev o cavsseseasesseeceesereseeee(OL) 
(b) (i) 
Ti 
C 42) - 
T? 
mg OR ..(02) 


(01 Mark for mg being vertical and 01 Mark for tensions itia any y labeling. Tf iere isa 
clearly identifiable difference in angles, deduct 01 mark) 
(ii) For the 1°" free body force diagram ( or the relevant diagram) 
Applying Newton's 2" law (F = ma) along > direction 
(Ti + T2) cos 8 = mrw? =m T MM .....(02) 
(01 Mark for LHS and 01 Mark for RHS, To award this 
mark, instead of r, any other symbol can be used) 


Considering the forces along 1 direction for the equilibrium of the flyball 


(T, — T;) sin0 = mg e eenene tenens tenens sen ene senec see c (0 1 
Since sing = OR cos0 — : MM (Ub 
: where r is the distance to the centre of the flyball from the 
central axle. 

/0N T, - T, 2 mlo? ............... (1) MM (95) 

r T T mg- — (2) A (O D D) 
ml g 
P 2 = 
(+2) > T= zo +2] 
_ cc ey = 
(10-(2) > T= 3 (9 7g 
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(iii) When the generator operates at 50 Hz, the rotational speed 
w = 300 rad s™t ,and h = 30 cm. 
MINES w = ~ (300 )* = 90000 s~? 


E c T 
I E PE cssc (O1) 
a ^ K w? (For the comparison of two correct values) eer a OL) 


Therefore, the term PR can be neglected when determining the tensions T, and 
T». 

(iv) Tension in an upper arm 

ml, E mlw? 





T4 72 
|, 1x50x10 ? x(300)? 
TUM e e) 
= 22500 N [(2.25 — 2.50) x 10*N] mare Aana OL) 


(v) When the sleeve is in equilibrium, the spring force on the sleeve is balanced by 
the tensions in two upper arms as below. 





When the compression of the spring (say x) is 20 cm, the spring force 
— 2T, sin 6 = 2T, : ssa (O1) 


where k is the spring constant. 
(To award this mark above free body force diagram can also be considered) 





k x 20 x 1072 = 2 x 22500 x ¿212 s (O1) 
50x10 
— 1.35 x10? Nm"! [(1.35 — 1.50) x 10? Nm" !] seesesssesssseeseeseeeeeeee(O1) 


(c) (i) (1) When the frequency is f = 25 Hz, the rotational speed of the generator 





is w = n= = 150 rads“! Aen ...(O1) 
Tension in the upper arm 
mlw? 
Tı = 2 
|, 1x50x10 ? x(150)*? 
= 5625 N [(5.6 — 6.2) x 10° N] MEM (05 


(2) When the sleeve moves up by a distance (say d), the throttle valve opens. 
Then, the contraction (say e) of the spring becomes, 


e=x-d=20-d sesetssssssssessseaeeceeeee(OL) 
The height (h) to the flyball from the fixed lower clamp becomes, 
h=30+ a O (0 F D) 


Now for the equilibrium of the sleeve 
h 
F = ke = 2T; sin 0 = 2T; T 


d -2 
1.35 x 105 x (20 — d) x 1072 = 2 x 5625 x got ao (for the substitution)......... (01) 


d — 13.84 cm (13.8 cm) A (O Y D) 
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Therefore, the contraction of the spring — 20 — 13.84 cm 
= 6.16 cm [6.1 — 6.2cm] | .  . (01) 


Alternative Method 
When the frequency is 50 Hz, 
the length of the spring = 2h — h, = 2 x 30 — ho 2 (60 — h,) cm ................. 
The natural length of the spring = 20 + (60 —h,) = (80 —h,) cm 
When the frequency becomes 25 Hz, let the contraction of the spring be e(say) in cm. 


Then the length of the spring = (80 —45) — e = 2h' —#g 
F — kx — Ali T 
1.35 x 105 x e = 2 x 5625 x SX 
50x1072 


e = 6.15 cm [6.1 — 6.2 cm] 





(ii) When the frequency is 50 Hz, throttle valve is 50% closed, and becomes fully open 
(i.e. O% closed) when the frequency becomes 25 Hz. 
Therefore, for the closing of the throttle valve changes by 50% when the 





frequency change is (50 — 25)Hz — 25 Hz. es (01) 
Therefore, the frequency to block the throttle valve by 75% (i.e. to increase the 
closing by 25%) f=50 + x =50 += cu (O1) 

= 62.5 Hz sc (O1) 


Alternative Method 
When the frequency is 50 Hz, throttle valve is 50% closed, i.e. throttle valve makes 
an angle of 45° with the axis of the tube. When the frequency becomes 25 Hz, it 
becomes fully open, i.e. the throttle valve become parallel with the axis of the tube. 
Therefore, when the frequency is reduced by 25 Hz (from 50 Hz to 25 Hz), the 
change in the angle of the throttle valve with the axis of the tube is 45°..............(01) 


To block the throttle valve by 75% , the angle should be increased by 
= 22.5° from 45°. Therefore the frequency to block the throttle valve by 75% 


25 x22.5? 


f =50 += . eese (1) 
— 62.5 Hz muneeute ccn tT) 
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6. (a) (i) Draw the standing wave patterns of the fundamental mode and the first two overtones produced by 
a vibrating stretched string, in three separate diagrams. Mark the nodes as ‘N’ and the antinodes 
as ‘A’ in the diagrams. (Neglect end corrections.) 


(ii) Obtain an expression for the frequency f of the n harmonic in terms of n, 7, /, and m, where T 
is the tension, / is the length, and m is the mass per unit length of the string. 


(iii) For a given string, state two possible ways of changing the harmonic frequencies. 


(b) A harp like musical instrument shown in figure (1) consists of 7 identical 
stretched strings with different lengths. The longest string of length /, , produces 
the musical note ‘C’ (es, ew) with the fundamental frequency of 260 Hz. The 
corresponding lengths of the strings which produce all the musical notes are 
given in the table as fractions of /,. 


Musical 
Notes 


(i) If all the strings are under the same tension, el] the mi 
frequencies of musical notes ‘F’(®, w) and ‘B’ (33, 8). 
(ii) To obtain a correct musical note, the frequency can be fine tuned by adjusting the tension of the 


string. By what percentage should the tension of the string be adjusted to change the frequency 
by 1%? 








~ A Figure (1) 


(c) A student designs and builds a set of panpipes to produce musical notes 
given in the above table, by using narrow PVC pipes with different 
lengths as shown in figure (2). Lower end of all the pipes are closed 
with corks. — 


(i) Draw the standing wave patterns of the fundamental mode and the Tas 
first two overtones produced by a one end closed pipe of length L, in 
three separate diagrams. Mark the nodes as ‘N’ and the antinodes as 
‘A’ in the diagram. (Neglect end corrections.) — 


(ii) Calculate the required lengths of the pipes in cm, which produce the ueni 


musical notes *C'(t5, ev) and 'B' (23, i$). Assume that the velocity 
of sound in air at room temperature is 340 m s7. 


ale 


Figure (2) ume 
(iii) The longest pipe is found to be producing a frequency of 255 Hz instead 


of 260 Hz. By what distance should the cork be moved to obtain the frequency of 260 Hz. 


(iv) If the cork fell completely out of a pipe, what would happen to the fundamental frequency produced 
by the pipe? Justify the answer with a suitable diagram. 


(a) (i) A 


N N 


(Atleast one of the diagrams should have ‘A’ & ‘N’, if not deduct 01 Mark. 
For different lengths of the string deduct 01 Mark) 
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(ii) [=n 0 EUREN (01) 
=f, 1s B BRE (01) 
v= |> s Ee (01) 


=f, = 7 E EE, (01) 





(iii) Varying the (vibrating) length of the string — . .................... (01) 
Varying the tension of the string = | | | | .......eeeee€ (01) 
(No marks for only decreasing or only increasing) 
(b) (i) Fundemental frequencies n — 1, fi == — 
Since T á mare constant, f, x l= constant — ^... (01) 
260 Hz ox ------------ CMM ZZ LZ (01) 
1 
Let f; å fz be the fundemental frequencies of the musical notes 'F' and B'. 
1 
Ro «Ip UEM (01) 
1 
fiU Do qeeseenen nnne eei (01) 
E d 
(YU) — 356 7 0:70 
f237143Hz  [371-372Hz] ceeeeceecececececceceeeees (01) 
Bd 
(NX) — 260 053 
f,;-490.57Hz  [490-491Hz]  ........errr nn (01) 
(i) ^ fecvT OR f?«T 
T" pof]? T!  [099f]? 
=> T = [m OR X = E Wassdasdasdbtesebtss pietas (01) 
E - [1.01]?- 1.02, OR — = [0.99]? = 0.98 
FT = 2% OR CÜL9229 ..eeeme (01) 


Alternative Method 


fovT 





(c) (i) 


A A A 
1 à LU: —— (03) 
e L (Atleast one of the diagrams should have ‘A’ & ‘N’, if 
not deduct 01 Mark. Deduct 1 Mark if lengths of the 
N / N jf tubes are different) 
N V N 
A 3A 5A 


i 
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W cea cecaee sce (01) 
v 340 85 
Sos ede sese espe (01) 
Required length of the pipe which produces the musical notes 'C of frequency 
260 Hz = => x100 
= 32690m [226-327 0mM]  ##  wexcamsescassesesecseoes (01) 
Required length of the pipe which produces the musical notes 'B' of frequency 
491 Hz = Š x100 
= ITZSLEMAL7 SHIA CM]. sereen (01) 


(iii) (LX f = constant ) 


32.7x260=Lx255 ace ecceceteceesceeceecs (01) 
L = x 32.7 
255 
= 33.33 cm ISa2—a50CN): — deeedennccmeeneeeensecmanns (01) 
0.64 cm (0.6 cm) towards the openend. .— .— .  ...........2252 (01) 
(iv) Fundamental frequency produced by the pipe will be doubled/increased. ......... (01) 


(For the correct diagram) 
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7. When an object is falling through a viscous medium, it is subjected to the buoyant force and the drag 
force. The buoyant force pushes the object upward while the drag force acts against the motion of the 
object with respect to the medium. 


(a) The drag force for a solid spherical object falling in a liquid medium can be expressed by the Stokes' 
Law. 
(i) Write down the Stokes’ formula for a solid spherical object and name the parameters. 


(ii) Write down two assumptions that are used in deriving the Stokes’ formula. 


(b) Consider an air bubble rising gradually upward in a viscous fluid. Stokes’ Law can be applied to determine the 
time taken by an air bubble to reach the surface of the fluid. Neglecting the effect of the pressure change with 
height, the instantaneous velocity V(t) of an air bubble in a viscous medium at a given time : can be given by 


A 
V(t) = V; à —e e); where V, and T are the terminal velocity and the relaxation time of the motion 


of the air bubble, respectively. 
(i) If the relaxation time for the motion of an air bubble in a viscous medium is 4 us, calculate the 
time it takes for the instantaneous velocity to be 50% of V, from the rest (Take In0-5=-—0-7) 
(ii) Calculate the time taken by the air bubble to increase the instantaneous velocity from 50% to 
9096 of V.. (Take In0-12 -2:3) 


(iii) Considering the answers obtained in (b)(i) and (b)(ii) above, plot the variation of the instantaneous 
velocity of the air bubble as a function of time. Clearly indicate V,. on the graph. 


(c) Consider an air bubble rising from the bottom of an oil tank which is filled upto 10 m height. 


(i) Obtain an expression for the resultant force acting on the air bubble in terms of 7, 2, Pa, a, 
and v, where 7 is the coefficient of viscosity of oil, P, is the density of the oil, Pa is the 
density of air, a is the radius of the air bubble, and v is the velocity of the air bubble. 

(ii) It is given that 7] 2 75x10? Pa s, P, = 900 kg m°, Pa = 1:225 kg m^, and the average 
radius of an air bubble a = 0-1 mm. Neglecting the weight of the air bubble, and the effect due 
to the variation of pressure with height, calculate the terminal velocity of the air bubble. 


(iii) Calculate the radius of the air bubble just below the surface of the oil, if the internal pressure 
of the bubble is 100-33 kPa, atmospheric pressure is 100 kPa, and the surface tension of oil is 
2-0x107? N mr. 

(iv) Considering the change in radius of the air bubble with height, sketch the variation of its instantaneous 
velocity with time. 


(a) (i) F = 6mnav seen etete seen sensns sen s eese e (DÀ) 
1] - Coefficient of viscosity 
a - Radius of the sphere (01 x 3)... sss... (03) 


v - Velocity of the sphere 


(ii) Flow is streamline with respect to the object 
Surface of the object is smooth 
No interaction with other objects/ Infinite large area around the object. 
The temperature of the fluid is constant 
Made of homogeneous material 


Fluid must be at rest (For any two assumptions with 01 Mark each)........................(02) 

(b) (i) V( 7 Vr (1— e^) 
50 % Vr = Vy (1 = e) 21—-e 295 Jenn (01) 
2 eh2052- t/- =1n0.5 = —0.7 eerie 1) 
t—0.7xt1207x4x10.9228x10'$s ........... (No marks allocated ) 
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(ii) 90 % Vp = Vp (1 — e) 51-e- 209 success (O1) 
e 201 5 -t/, 21n01- —23 mM ..(01) 
t=2.3xt=2.3x4x10°s=9.2x10°s | ..... (No marks allocated ) 
(iii) 
V(t) 





: ee ..(03) 
(01 Marks for the shape of the graph, and 01 Mark for marking the axis, 01 mark for indicating Vr) 


(c) (i) Forces acting on the air bubble are buoyant force (up thrust) t, drag force |, 
and weight of the air bubble |. 
The resulting force on the air bubble along 1 direction 


Fr = Vpog — 6mnav —V pag E ...(03) 
(For aa correct term with dorreei sign: :01 Mark) 


— = ta? pog — 6nnav — - ra? Pag eranan rena L) 


(ii) When the terminal Kea i is achieved, Fp = 0 E ...(01) 
Neglecting the weight (i.e. Ta 30,2) of the air bubble and the effect diei to the 


variation of pressure with height (i.e. no change in volume) 





6nnav, — £ ta? pog > Dn - PE DESEE (02) 
2 (900 )x10 = 

vp = 5X ——— x (0.1 x 1073)? cs (O1) 

2.07x10*ms [(26—- 2.7)x10*ms-^] ....................(01) 


(iii) The difference in pressure of the air bubble inside and outside 


AP = Pinside — Poutside = ap en ...(02) 
(01 Mark each for each side of the equation) 

2 
(100.33 — 100) x 103 2 2X (2x 107] sss (01) 
r=1.21x10°*m [12x10 *m] eerte, (O1) 


(ivy) The terminal speed v; « a^, therefore vr increases as the radius of the air 
bubble a increases. But due to the pressure variation with height, the volume of 
the air bubble increases and therefore a increases. Due to this continuous 


variation of a, the air bubble accelerates without achieving the terminal speed. 
V (t) 


E some ...(03) 


(1 mark for axis labeling, 1 mark for behavior of initial r rising, ; and the 
] mark is for later, continuous slow rise) 
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8. (a) (i) A current / flows through a thin wire of very small length A/. Show that the magnetic flux density 
MTA 
And? 
(ii) A current J flows through a flat circular coil of radius R with N number of turns as shown 
in figure (1). Obtain an expression for the magnitude of the magnetic flux density B at 
the centre of the coil. I 


AB at a point with a perpendicular distance d away from this wire, is given by 


(ii) Two such coils are placed coaxially with a separation R as shown in figure 2(a). The 
current / flows through both coils in the same direction. Figure 2(b) shows the vertical 
cross section of the coils through the common axis. Figure (1) 


L 


e e 
O R N 


Figure 2(a) Figure 2(b) 


Copy the figure 2(b) onto the answer script and draw the magnetic field lines to illustrate the magnetic 
field due to both coils. 





(b) The apparatus shown in figure (3) can be used to determine the charge to mass ratio xD of an 
e 


electron. The vacuum tube has a filament cathode C, electrodes A, and Ay, and a vertical fluorescent 
screen S with grid lines. The path of the electron beam can be seen on the fluorescent screen. 


Vacuum tube 


Fluorescent screen S 


PQ 





— 500 V — 450 V Figure (3) 


(i) The function of the electrode A, is to control the intensity of the electron beam. What is the 
function of the electrode A,? 


(ii) If a negative voltage (—V) is applied to electrode A,, obtain an expression 
for the speed of an electron travelling through the electrode A,. (Charge 
of an electron is —e and mass of an electron is m.) 


(iii) The spherical part of the tube is placed between two flat circular coils 
carrying the same current as shown in figure (4). Thereby a uniform 
magnetic field B is applied perpendicularly to the screen S. This makes 
the electrons move in a circular path. 





If the radius of the path of the electron beam is r, obtain an expression NR. 


Circular coils 
Figure (4) 


for the ratio c of the electron. 
e 
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(c) A de voltage can be applied between two parallel metal plates P and Q as shown in figure (3). The plates 
P and Q are separated by a distance d as shown in figure (4). While the magnetic field B is applied, the 
potential difference between the plates V, can be adjusted until there is no deflection of the electron beam. 
This process can be utilized as an alternative way to determine the speed of the electrons. 


(1) Draw the electric and magnetic forces acting on an electron within the plates P and Q, after the 
above adjustment is done. 


(ii) Obtain an expression for the speed of the electrons in terms of d, B and V V po 


(iii) When B = 1 mT and V,, = O, the radius of the path of the electrons is 6 cm. When 


Veo = 840 V, there is no deflection of the electron beam. The separation between the plates P 


and Q is 8 cm. 

Calculate 

(1) the speed of an electron, and 
(2) the charge to mass ratio £ 


| of an electron. 
e 




















(a) (i) From Biot-Savart Law AB — 757, Sin 8 seesesctestasatssssevsratscststscsseesee(OL) 
_ UolAl. T 
AB — 777 sin (=) seeseevavatssieatssseatssseatssstatssseee(OL) 
AB = NY 
4rd’ 
(ii) Magnetic flux density at the centre of the coil due to AL, 
_ MolAl 01 
v dedu (01) 
Magnetic flux density at the centre due to whole = B —YAB 
M d Ho | 
B= T OR = ing Uhl 
OR 
= Po (AL + Al; + Aly tere Ab) ann (01) 
AB 4TR 
= t2 — (2RN) (02) 
(1 Mark for ZzcR and 1 Mark for f múltiple by N) 
= fo 
Al B= ...(01) 
(iii) 
L M 
\o A Yost 
© Q 
AEN SN 
At least 2 nearly parallel lines close to the centre of the coils .............................(O1) 
Arrow/s in a central line/s of force in correct direction 5... (01) 
Additional symmetric lines with arrow/s of force on the same coil —  ............ (01) 
(b)(i) Accelerating electrons (towards A2) OR Producing a collimated 
beam of high velocity electrons ssuststetssestessssatetsrsasatscseaeeese(O2) 
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(ii) Kinetic Energy + Potential Energy at A;- K.E. + P.E. at A2 
OR 


Considering the conservation of energy OR For any correct reasoning ....(01) 


0-F(-e)(-V) 2 mQvA^ e 0 aes (D) 
(1 Mark each for writing each side of the equation) 





,  4eV 
qoe m 
Me 
2eV 
v= P MMMMMNMRMRRRNMMRMNMMMMMMM (OUS 


Alternative Method 
If the distance between the two anodes is l, and the electric field between the two 
anodes is E, the force on an electron F, = eE 


mac {= ss (O1) 
UH 


p lm, 


a esis OL) 
Using v^ — u* 4 2as 
v2 =04+2(—)I eco (O1) 


ime 


y= (= su ( O1) 


Me 





(ii) ^ For circular motion of an electron; 
Centripetal force = force on an electron due to magnetic field 








2 

ne = Bev secsescsessasasserssesatatscatatstseaaecseereeO2) 
(1 Mark each for each side of the equation) 

Ber 

E» 

Ber 2eV Ber M? 2eV 

I E OR (=) a ae Oe 
A sectesttstasastasstesseatsecsttserssese(OL) 





(c ) (i) 
Fg OR eE eerie (01) 


---¢@-- >» 


Fg OR evB "— a (Ó;' 


(E is the Electric Field Intensity between the plates, P and Q) 
(ii) For no deflection of electrons; Fp = Fp 


Bev — eE sess siestssiestessestssstaneisesseis (OL) 
Bev=e (2) A (O D D) 
y = £2 css (O1) 
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(iii) (1) y = 2e 
840 
— (1x10-3)x(8x10-2) MM (O5) 
v = 1.05 x 10” m s7! A (0 F D) 
(2) For circular motion of an electron 


2 
mpv 
Bev = —— 


ey ss (O1) 
1.05x10" ess (O1) 


B (1x1073)x(6x10-72) 


—-1.75 x10! C kg"! ss (O1) 
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9. Answer either part (A) or part (B) only. 
Part (A) 
(a) The electromotive force (emf) of an electric source is defined as the work done by the source on a unit 
charge. Using this definition; 
(1) determine the units of emf. 


(ii) obtain an expression for the power generated by a source in terms of its emf E and the current 
I flowing through it. 


(b) A source of emf E and internal resistance r is connected to an So 
external resistor with resistance R. Obtain an expression for 
the total energy dissipated in the circuit in time ¢, in terms of $, c 
E, r, R, and t. e A 
c) Consider an electrochemical battery of a car that powers 
(c) y P Starter Motor 


the starter motor and the headlamps as shown in the circuit 
of figure (1). Rated power of each headlamp is 60 W. The S (M) 
internal resistance of the battery is 0-03 €2. Consider that 

the ammeter behaves as an ideal ammeter. 


When only the headlamps are turned on (S, is closed) without Car Battery 
starting the car (S, is open), the voltmeter shows a value | ! — . 1 
of 12:0 V. 


(i) What is the reading of the ammeter? 
(ii) What is the resistance of a headlamp? 
(iii) Calculate the emf of the battery. Figure (1) 


—— ——— 


(d) When the starter motor is just turned on (S, is just closed) while the headlamps are ON, the ammeter 
shows a value of 8:0 A. Calculate, 
(i) the current through the starter motor, and 
(ii) the resistance of the starter motor. 


(e) When the armature of the starter motor is rotating while the headlamps are ON, the current through the 
starter motor is 34:2 A and the voltmeter reading is 11-0 V. 


Calculate, 


(i) the back emf, and 
(ii) the efficiency of the starter motor, at this instant. 


(f) Sketch the variation of the back emf E, of the motor with the current flowing through it. 


(g) The battery discharged considerably because the driver parked the car without turning off the headlamps 
on a certain night. As a result, emf of the battery dropped to 10-8 V and its internal resistance increased 
to 0-24 Q. The current through the starter motor was not sufficient to rotate it due to the discharge of 
the battery. Find the current through the starter motor at this instance. 


(h) In the situation mentioned in (g) above, the driver used an external battery with an emf 12-3 V and an internal 
resistance 0-02 €) to jump start the car. For this, the external battery was connected to the discharged battery 
using two jumper cables, each having a resistance of 0-015 €2 and the car was then started. 


(i) Draw the circuit diagram showing the connections to the external battery with the discharged 
battery, when jump starting the car. 


(ii) Calculate the maximum current through the starter motor when starting the engine. 


9, (Part A) 
a) Electromotive Force (EMF) = Work Done/Charge 
(i) E=— 
q 


Units Jc! NEM (t7À 
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(ii) Work done W = Eq E (0 F D) 
Power generated by the source 
P=Ż2=Ẹ] MM (01) 
P =E] en (01) 
(The given definition must be used to award marks) 
b) 
Total energy dissipated in the circuit in timet — — EIt — sss (01) 
E =I(R+r) OR I = — essa O1) 
~ Total energy dissipated in the circuit in time t is E (—) t = D Eus (01) 


Alternative Method 
Total energy IM in the circuit in unte t =P (R+r)t 
= [(R+r) 31s =— 


R+r 


~ Total energy "e in the circuit in time t is 





(c)(i)Apply P = VI for a headlamp 


60 =12 xI ORI=S5A ess (O1) 
Reading of the ammeter = 2I = 10A eaaa Oe) 

(ii) To find the resistance of a headlamp use one of the equations nien 

V^ 
P=I*R OR P=- OR V=IR 
P=I2R OR 60=25R cess (O1) 
R=2.4Q ss (O1) 
(iii) For battery 

E-V-4Ir 212 4 (10 x 0.03) ess (O1) 
—123V ;;;.; b b.eeeenees (01) 


(d 1,—84A 
1,/2 





h, 


© I=; +Im> (1) 
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V=E-Ir-(2) 





I, 
V = pa (3) 
(3) -»V-24x2429.6V uunc fd 
(2) => I = << = 90 A sss (O1) 
(1)2»1, 290—8-2824A es O1) 
GD  V-lyr,-»75, == sess (O1) 
-0.417020.20 sss (O1) 


(e) à) V 211.0V, I4, = 34.2 A 
Vi =Epyack tlytm OR Egg —11— 342 x 0.12 2 6.90 V....(No marks allocated ) 


Useful output power 


(ii) Efficiency of the stater motor — x 100 46 
Input Power 
= Sonat x 100 = T X 100 = 62.7%  .......wee (No marks allocated ) 
EBack 


(For the shape with correct axis only) 





r-0.24 
E= 10.8 V 
10.8 2 (0.24 4- 0.12) I SE ..(01) 
(For the cortei substitimion 
1 —30A OR 30.25A E (O D D) 


Case II: The headlamps are kept ON 


10.8 — (I; + Iy)0.24 = Iy0.12 
10.8 — Ud, + Iy)0.24 = 1,1.2 (For any correct equation) 
Solving above two equations l4, 2 282A OR 2835 A... see 





01 - Physics (New/Old Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 53 of 63 


E EpL UE d 


(h) Q) 
+ = 
E= 12.3 V r=0.02 Q 
0.015 Q 0.015 Q 
I 
3 n 4{,— 
E= 10.8 V r=0.24Q 
Im 
ra 0.12 Q (02) 
(Positive terminal of discharged battery to positive terminal 
of external battery should be connected.) 
10.8 = 0.12(4 + L) + 0.244 
361, 4- 121; — 1080 (2) Q—— (059 
12.3 2 0.12(H + L) + 0.0243 + 0.03L; 
12H 4 171; = 1230 ^ (3) — (en 
(3) x 3 — (2) 2» 391, = 2610 
ES 2n = 66.9~67A OR 68A sss (O1) 
(2)2» 1-2 X) — 7.66 « 8.0A 
(1) =>67+8275A OR 76A EE (O 
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Part (B) 

(a) (i) Why Field Effect Transistors (FET) are called unipolar 
devices? What are the charge carriers contributing to the 
operation of FETs? 


Vpp(*9 V) 






(ii) State why FETs are also known as voltage-controlled devices. 10 MQ 2:2kQ 


(iii) Calculate the drain current /,, and the Gate-Source voltage 
Vs for the circuit shown in figure (1), assuming V,, = 5 V. 


Figure (1) 


(b) In the Op-amp circuit shown in figure (2), each electromechanical switch S. (i = 0, 1, 2, 3) is operated 
by applying an electrical signal D, (i — 0, 1, 2, 3) which can be ‘High’ (5 V) or 'Low' (0V ). When 
D, is ‘High’ the respective switch S, will be closed and otherwise, it will be open. 





SR 


V I 
Vec I 


Figure (2) 


(i) When D, is ‘High’, find the current through the resistor 10R in terms of R. 
(ii) If a set of voltages (5 V, OV, 5V, 5V) is applied simultaneously to operate the switches S,, S,, 
S,, Sp, respectively, calculate the current / indicated in figure (2) in terms of R. 
(iii) Calculate the output voltage V, when a set of voltages (5 V, 5V, 5V, 5 V) is applied simultaneously 
to operate the switches S3 S,, Si: So» respectively. 


(c) A cash operated snack dispenser will provide a pack of ‘Marie’ or ‘Chocolate Cream’ biscuits und 
the following conditions. 


e The correct amount of cash is inserted (/) 

e ‘Marie’ (M) or ‘Chocolate Cream’ (C) is selected 

e If ‘Marie’ is selected, ‘Availability of Marie’ in the dispenser (X) 

e If ‘Chocolate Cream’ is selected, ‘Availability of Chocolate Cream’ in the dispenser (Y) 
(i) Obtain the logic expression for the conditions under which a pack of biscuits may be obtained. 


(ii) Show how this may be implemented using logic gates. 
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09.(Part B) 
(a) (i) Because they operate only with one type of charge carriers  ............ (01) 
Type of charge carriers either electrons or holes te os (O1) 


(No Marks for electrons and holes) 


(ii) Voltage between two of the terminals (Gate and Source) controls the current 








through the device NNNM (OT) 
(iii) Voltage drop accross the drain resistor Rp 
Vpp —- Vp — IpRp > [p= = — sesaran) 
In = 1.82mA [1.81-1.82 mA] css (0) D) 
Voltage at source terminal 

Vc= IpRs= (1.82 x 107°) x 1x10° = 1-82 V [1.81 — 1.82 V] E (0 F D) 

Voltage at gate terminal using potential divider made by R; and R; 

A 6 

Vo= (qe) Yoo = pgs * 95 162V sporco dito 
The Gate-Source Voltage; V;;—V;-V;- 1.62 — 1.82 eene eeeeesee 1) 
-—0:2V [(-0.19 V) - (-0.20 V] eene (01) 


(b) (i) 





According to the conditions for ideal OP-AMP (from the golden rules of OP- 
AMP) => Va= V.- V. = O (Since non-inverting terminal is grounded) 
i.e. point A is at virtual ground 


- —Vat-5) _ 9-5) 


(ii) According to the conditions for ideal OP-AMP, the current following in to the 
OP-AMP through the inverting terminal is zero. 
By applying Kirchoff's current law to the node at the inverting terminal of OP- 


AMP 
—0(5) , 0 ,0€5 | 0-5) 
BC xb hec xu 


— i NM (01) 


8R 


Alternative Methoc 


Finding equivalent resistance 
1 1 


ZUR 40R 
1 


' — 40R 
| 0-(-5) 11 
= FOR 
/11 
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iii) All the switches are closed (as in the same way of part ii) 
I= i} + Íp + Í; T lp 


5 5 5 
pads qo que 

~ ~ ; ZOR i 40R 
I-——4—4—4— 

R 2R 4R 8R 


Since the current following into the OP AMP through the inverting terminal is zero 





p=% e (01) 
V -0 

SR —à 

^ T. = OR temone 1) 

V,— 15V ea L) 


Alternative method 


Since all switches are closed, equivalent resistance of the input side 
1 1 1 1 


'—— SR ' 10R ' 20R " 40R 
15 


40R 
'  40R 


15 
. A . x. V R 
Voltage gain of an inverting amplifier - -? — -— 


uu Vin 
8Rx1 
< B=- x —5 

40R 


V,— 15V 





(c) (i) B = I [(MX) * (CY)] (04) 


(Ol mark each for correct I, MX, CY and + terms) 
Alternative Method 1 


B = IMX + ICY S (0 9 
(01 mark each for correct IMX and ICY terms, and 02 marks for “+” term) 


Alternative Method 2 


A (0A) 
(Award for 4 rows with B = 1 , 1 mark each for 2 correct rows) 


B=IMCXY+IMCXY+IMCXY+IMCXY MEM («74 
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(ii) 





pops iU) 
(02 marks each for 1* two AND gates with correct inputs, 02 marks for OR gate with 
correct inputs, 01 mark for final AND gate with correct “I” input) 


Alternative Method 1 


rearea OT) 


(03 marks each for the two AND gates with correct inputs, 
01 mark for final OR gate with correct inputs) 


Alternative Method 2 
IMCXY 


(02 marks for the first AND gate, 01 mark each for remaining three AND gates with 
correct inputs, 02 marks for final OR gate with correct inputs) 
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10. Answer either part (A) or part (B) only. 
Part (A) 
(a) (i) State the Boyle's law and the Charles’ law. 
(ii) Derive the ideal gas equation using the above laws. 


(b) A deflated tyre of volume V and initial pressure P,, at room temperature T, is connected to a compressed 
nitrogen (N,) gas tank via a valve. The tyre initially contains only N, gas. After inflating the tyre with 
N, gas, its final pressure is P and it contains a total of n number of N, moles. Assume that there is 
no change in volume of the tyre. 


(1) Assuming that the N, gas inside the tyre behaves like an ideal gas, show that the number of moles of 
P 
N, gas pumped into the tyre is nf: | 


(ii) Obtain an expression for the work done to inflate the tyre with N, gas. 
(iii) Assuming that the pumping process of N, gas is adiabatic, show that the change in the temperature 


P\ 
of the N, gas inside the tyre is 2 í -— P | T,. The change in internal energy of an ideal gas is given 


5 P 


by AU = n C, AT, where C, is the molar heat capacity at constant volume and AT is the change in 





temperature. The molar heat capacity at constant volume of a diatomic ideal gas is X , where R is the 
universal gas constant. 
(iv) This change in temperature, increases the pressure temporarily to a higher value. Show that this change 


in pressure is HG - B). 


(c) Gauge pressure is the pressure measured relative to atmospheric pressure. Gauge pressure of a tyre is 
usually expressed in psi (pound per square inch) units. (1 atm 2 100 kPa and 1 psi 2 7 kPa) 


A deflated tyre at 20 psi pressure is pumped further with N, gas to a pressure of 30 psi at room 
temperature (27? C). 


(i) Calculate the change in temperature of N, gas in the tyre. 
(i) Calculate the maximum pressure in the tyre due to this change in temperature. 


(iii) Usually this temporary increase in pressure is not observable when pumping N, gas further to a deflated 
tyre. Give two possible reasons for not observing the increase in pressure. 


10. Part (A) 
(a) (i) Boyle’s law 
The pressure of a given mass of a gas is inversely proportional to its Volume 
provided that the temperature remains constant 
OR 


P oc - for a given mass of the gas at constant temperature, where V & P are 
volume and pressure of the gas, respectively. 


OR 
PV = constant for a given mass of the gas at constant temperature, where V & P 
are volume and pressure of the gas, respectively. sete ese Oe) 


Charles’ law 
The volume of a given mass of the gas is directly proportional to its absolute 


temperature, provided that the pressure remains constant. 
OR 


V xT for a given mass of the gas under a constant pressure, where V ÅT are 


volume and absolute temperature of the gas, respectively. 
OR 


- - constant for a given mass of the gas under a constant pressure, where V & T 
are volume and absolute temperature of the gas, respectively. pence eae) 
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(ii) 





Consider one mole of a gas going through the following two stage processes with 
the initial and final values of the volume, pressure and absolute temperature are 
(Vi, Pi, T1) and (V2, P2, T2), respectively. 


Initial State Final State 


P, V P, V, 
> 
N The. 
P, Vy' 

T, 


Intermediate state 


Applying Boyle's law for the constant temperature process 





P V1 = P, V’ E en ee S CON (A) reete teens secco (1) 
Applying Charles' law for the constant pressure process 
V' Vv 
mE O O e (8) — 
(A) & (B) > Au l2 P = constant, rere eee (1) 
Ti T T 
For one mole of gas, the constant is known as the universal gas constant R. 
PV 
= =R for one mole of gas. m (02b 
If there are n mole of gas, — = nR — - (95 
PV — nRT 


(b) (i) Let no be the number of moles of the air in the type at pressure Po at Tp 


(ii) 





Ny = or c (O2) 
n= am c (O2) 
Number of moles of the air from the tank to the tyre 
I PV PoV 

SG eae sesessseessvssecseeseeeeeeeLOL) 

_ V(P—Pg) 

= RTR 

= (LE s (O1) 


E a0 

UM (1 7 
Let V' be the volume of these n' moles of air in the tank under pressure Pc at 
temperature T; 


/ 
n RTg Po X nRTgR 
pe IERI (1 E a) nRTR 
Pc P Pc 


As Ne gas flows from the tank into the tyre through the valve, the tank does work 
at constant pressure P; given — PcV' T— (QN 


(Award this mark for identifying the work as P AV) 


— nRTg ( — A ——— (No marks allocated ) 
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(iii) AQ = AU + AW (O1) 
Adiabatic process AQ = 0> —AU = AW nee eee 1) 


-AU = AW = —nRTp (1 — A (work done on the system) 
Given AU — nC, AT, Cy — 5R/2 





—AT- Æ es ( O1) 
nCy 
E (nrTR(1-22)) 
7 n5/2R 
= - ( — A / ph E E (No marks allocated ) 
(iv) Pressure rises to = (TR +AT) sesssssssarssecseeseceeeeeLOL) 
nRT nRAT 2 Po 
-DMmmS p.pBG-S] ^05 
Change in pressure AP = = (P — Po) 


Alternative Method 


AP =~ x=(1—2) Ta 


Change in pressure AP = = (P — Po) 





(c) (i) 1 psi = 7 kPa 


Py = (20 x 7 + 100) — 240 kPa tees (O1) 
P = (30 x 7 + 100) = 310 kPa eee (O1) 
(2 Po 2 240 
Bp c ( = A I (1 = S x 300 earn (Od) 
AT 2 27 K OR 27 9C [27.0 — 27.1] eee (O1) 
(ii) AP = - (310 — 240) s (O1) 


— 28 kPa OR 4 psi 
Maximum pressure in the tyre due to change in pressure, 


Prax = (310 + 28)OR (30 + 4) (O1) 

— 338 kPa OR — 34 psi sesssssessavseecseeseceeeeeLOL) 

(iii) 1. Usual pumping process is not adiabatic. peal) 
2. Normal air cannot be considered as an ideal gas. "m—-— (5 
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Part (B) 

Read the following passage and answer the questions. 

Radioactivity is a spontaneous decay process by which an unstable nucleus becomes a stable nucleus by 
emitting radiation. Decay rate is directly proportional to the number of radioactive atoms present at that 
instant but independent of external physical conditions. 

Radioactive iodine '?!I] is used in nuclear medicine to treat patients with thyroid cancer. The half-life time 
of ?![ is 8 days. It decays to stable '*'Xe initially by emitting a £j particle and then by emitting a 
y-photon. The maximum tissue penetration length of this 6 is 2 mm. Usually I5IT is administered to 
patients as sodium iodide (NaP?!]) in the form of a capsule. Once administered, it is absorbed into the 
blood stream and concentrated in the thyroid gland. Radiation emitted from '*'I kills most of the cancer 
cells in the thyroid gland. 

Since the patient becomes a potential source of radiation, precautions must be taken to minimize the 
radiation exposure to others around. The amount of radiation emitted by the patient is proportional to the 
activity of the dose administered. In medical practice, the common unit used for activity is Curie (Ci) 
which is not an SI unit. One Curie is equal to 37 x 10° disintegrations per second. 


A radioactive material inside the body, diminishes not only by radioactive decay but also by biological 
clearance. This clearance is purely a biological process and follows an exponential variation, characterized 
by the decay constant A4,. Hence the effective decay constant A, due to both radioactive decay and 
biological clearance can be stated as A, = A. + A,, where A, is the decay constant corresponding to 
physical radioactive decay. The effective half-life time, which is used for radiation protection measures, 
is calculated from the effective decay constant. 

(a) (i) State two differences between the emissions of B and y. 


(ii) Rewrite the following decay equation replacing a, b, and c with correct numbers. 
131 131 b g- 
53! aXe + cP 


(b) A fresh sample of Na?! , having an activity of 100 mCi is received by a hospital. The sample is stored 
in a lead container at room temperature. 


(i) What is the SI unit used for activity? 
(ii) Write down an expression for the decay constant A in terms of half-life time T. 


(iii) Calculate the activity of the above sample after 4 days and express the answer in SI units. 
(Take In 2 = 0-7 and &??? 2 0:7) 


(iv) Hence, express the change in activity as a percentage. 


(v) Is it possible to reduce the activity of the Na?! sample if it is stored at 0°C instead of storing at 
room temperature? Explain the answer. 


(c) A small amount of Na”?'I sample having an activity of 100 mCi is administered to a thyroid patient. 
(i) When dealing with such a patient, for which mode of emission, the radiation protection measures 
should be taken? Explain the answer. 
(ii) Show that the effective half-life time 7, of '°'l in thyroid gland can be given by T - z + + 
b 
where E and T, are the half-life times due to radioactive decay and biological clearance, respectively. 
(iii) If the biological half-life time of '°'I in thyroid gland is 24 days, calculate the effective half-life time 
of ''I (in days). 
(iv) Calculate the percentage change in the activity after 4 days of administration of 
(Take e 9^9 2 0-63) 


(v) According to radiation protection regulations, '*'I treated patients can be discharged from the hospital 
when the activity is below or equal to 50 mCi. If this regulation is followed, how long the above 
I31T treated patient has to be kept in isolation in the hospital before discharging? 


131] 
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10. Part (B) 
(a) (i) 


is a particle emission is a photon/ an electromagnetic 
radiation. 





p^ emission changes the proton no change in proton number/ atomic 
number/ atomic number) number 


(02 Marks for each difference )...........................(O4) 
(No Marks for properties of ^ and y) 


(ii) — 1531 > *54Xe + B^ 
a= 54, b= 0,andc = —1 (01x 3)...................(O3) 
(b) (i) Ba (Becquerel ) tunes UT) 
(i) a= oR a= on ase es ( 02) 


(iii) A gg 
NULL 4 —0.35 
— 100xe 8 — 100xe ^ 
— 70 mCi 


— 70 x 37 x 10? Bq 
—2.59x10?Bq |. .....eRRIe (No marks allocated ) 





(100—70)mcCi 


100 mCi x 100% 


(iv) |^ Change — 


S L LL Lo""""'"'*".(V(-- (No marks allocated ) 
(v) No A (OYA) 
Radioactivity is independent of external physical conditions. _..................(02) 


(c) (i) y radiation sesssssssssssessseareceeee(O2) 
B^ will not come out of the body as the maximum penetration length is 2 mm. 











OR 
y radiation has longer penetration length/Power eee s (De) 
(ii) Ae = Àp + Àp 
Since A = V 
0.693 _ 0.693 | 0.693 s (08) 
Te Tp Tp 
Therefore, + = ++ > 
i Ww. Tù 
- 1_1 1 
ü) Lx —G 
T, — 6 days A COA) 


(iv)  A,— Age ^ 


0:899 A 
—100xe se^" ^ -—100xe 949 





— 63 mCi 
__ (100-63) 
Change = ——— x 100% 
Mg # j- °°. °°  dgueaaeiercdeuasetecnaou (No marks allocated) 
(v) 6 days sesssscesssssesseeseeceeee(O4) 


Because the effective half lifetime is 6 days. 
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